The middle meningeal artery of the dog usually diverges from the maxillary artery before it enters into the alar canal. This vessel shows an extremely complicated relationship between the passage into the cranial cavity and the r. anastomoticus as well as the anastomotic artery.
Preface
The middle meningeal artery of the dog usually diverges from the maxillary artery before it enters into the alar canal. This vessel shows an extremely complicated relationship between the passage into the cranial cavity and the r. anastomoticus as well as the anastomotic artery.
In some carnivora, branches of the maxillary artery in this region communicate with the internal carotid artery. Especially in the dog, the arterial branches which contribute to this communication are the r. anastomoticus of the middle meningeal artery and the anastomotic artery of the external ophthalmic artery.
The present study will deal with the relationship between the middle meningeal artery and the r. anastomoticus.
Materials and Methods
For this study 65 adult dogs were used. By employing the acryl plastic injection of Taniguchi, Ohta and Tajiri (1952 and '55), the red colored plastic was injected into the common carotid arteries.
The acryl-injected heads were made into casts of the carotid system, while 15 of these heads were preserved in the formalin solution for the dissection.
When other injected heads have been digested with alkali and washed, special attention was given to the protection of bone structures of the cranial basis and the calvaria.
Observations

Origin
The maxillary artery (1.80-3.00, M. 2.25 mm in diameter) separating from the superficial temporal artery passes medially between the posterior margin of the medial pterygoid muscle and the inferior margin of the insertion of the lateral pterygoid muscle, then posterior to the mandibular nerve and inferior to the auriculotemporal nerve. The artery beneath the oval foramen turns around the mandibular nerve from its posterior side to its medial on the lateral surface of the m. tensor veli palatini, and passes toward the posterior alar foramen ( Figs. 1 and 2 ). In the present paper the above-mentioned curve which goes round the mandibular nerve is named the alar curve (Fig.  2) . The middle meningeal artery (0.22-1.44, M. 0.93 mm in diameter) diverges from the superior or superoposterior wall of the maxillary artery before it makes the alar curve and enters the posterior alar foramen (Figs. 1 and 2).
Various passages of the middle meningeal artery into the cranial cavity are seen according to the arising feature as follows :
1) Passing through the oval foramen (107 of 130 cases) The middle meningeal artery (0.26-1.44, M. 0.98 mm in diameter) arises superiorly from the superior wall of the distal half of the alar curve of the maxillary artery about at a right angle. From the inferior wall of the proximal half of the curve, the medial pterygoid muscular branch (Tsuji, 1969) separates antero-inferiorly opposite to the middle meningeal (Figs. 4 and 7) . The origin of the middle meningeal artery lays distal to the origin of the medial pterygoid muscular branch in 94 cases (Figs. 4 and 7) and to the same height of its origin in 13 cases.
When the middle meningeal artery passes through the oval foramen into the cranial cavity, the vessel is anterior to the mandibular nerve in 99 cases (Figs. 1, 2, 4 and 7), lateral to it in 6 cases and posterior to it in 2 cases. Immediately after entering the cranial cavity, the vessel gives off anteriorly the r. anastomoticus (0.10-1.15, M. 0.72 mm) at the medial side of a ridge lateral to the oval foramen (Fig. 3) . The main trunk of the vessel crosses posterolaterally over the petrosphenoid suture lateral to the mandibular nerve along the groove for the artery on the greater ala as well as the groove (about mm in length) on the anterior surface of the pars petrosa (Figs. 2-6, 10-13 and 15). Then, the vessel reaches the parietal bone after crossing over the petroparietal suture at the area corresponding to the inferior end of the ectolateral sulcus of the cerebral hemisphere (Fig. 1) .
2) Passing through the foramen rotundum (8 cases)
The middle meningeal artery (0.56-1.32, M. 0.90 mm in diameter) diverges from the superior wall of the maxillary artery about 30° to it in the alar canal superoposteriorly at the posterolateral margin of the foramen rotundum (Figs. 5 and 8 ). The origin of the artery in these cases is seen distal to the medial pterygoid muscular branch and passes through the foramen in company with the anteromedially lying maxillary nerve into the cranial cavity.
The vessel immediately gives off the r. anastomoticus (0.29-1.00, M. 0.67 mm) and turns posteriorly, then runs posterolaterally medial to the ridge along the lateral margin of the foramen rotundum.
Lateral to the mandibular nerve, the vessel finally follows the course mentioned in 1) after passing through the oval foramen (Fig. 5) .
3) Passing through the foramen spinosum. (8 cases)
The middle meningeal artery (0.60-1.05, M. 0.79 mm in diameter) diverges from the superior or posterosuperior wall of the proximal half of the alar curve of the maxillary artery and proximal to the origin of the medial pterygoid muscular branch (Figs. 6 and 9 ). The findings of the artery in this case have been described by Okuda et al. (1974) . The course is summarized that the vessel passes through the foramen spinosum and enters into the cranial cavity via the petrospenoid suture after running in the osseous substance, and runs in the groove on the anterior surface of the pars petrosa posterolaterally after giving off the r. anastomoticus (0.05-0.87, M. 0.54 mm), then follows the course mentioned in 1) (Fig. 6 ). The vessel gives off the branch (0.12-0.22, M. 0.17 mm) to the m. tensor tympani before entering the foramen spinosum (Fig. 9) . It enters into the cranial cavity through the petrosphenoid suture ( Fig. 10) and gives off the r. anastomoticus (0.19-0.72, M. 0.47 mm) anteriorly.
Then, the artery follows the course mentioned in 3) (Fig. 10) .
5) Passing through the orbital fissure (one case) The middle meningeal artery (about 0.52 mm in diameter) diverges from the anastomotic artery beneath the ophthalmic nerve in the cranial cavity, and passes posteriorly lateral to the trigeminal ganglion, the foramina rotundum and ovale up to the groove for this artery on the parietal bone via the groove on the anterior surface of the pars petrosa (Figs. 11 and 15 ). While, a twig (about 0.22 mm) arising from the maxillary artery under the oval foramen enters into the cranial cavity through the anterior wall of the foramen and finally divides into the trigeminal ganglionic branch and the petrosal branch (Figs. 11 and 15).
R. anastomoticus
The ramus is a communicating branch between the middle meningeal artery and the anastomotic artery, and supplies many twigs (0.1-0.36, M. 0.21 mm) to the trigeminal ganglion and also one to three meningeal branches (0.05-0.26, M. 0.12 mm) to the dura mater corresponding to the piriform area of the cerebral hemisphere (Fig. 3) .
Various complicated features are seen in the communication between the middle meningeal, the anastomotic and the maxillary arteries and the r. anastomoticus as follows : 1) Communication between the anastomotic artery and the middle meningeal artery by the r. anastomoticus In 120 out of all 130 cases observed, the ramus arises from the anterior wall of the middle meningeal artery just after it enters into the cranial cavity, and anastomoses with the anastomotic artery inferomedial to the ophthalmic nerve and the trigeminal ganglion. is one in number ; in all the 8 cases, in which the middle meningeal artery passes through the foramen rotundum ; in 99 of the 107 cases, in which the artery passes through the oval foramen ; in 5 cases of the 8 cases, in which the artery passes through the foramen spinosum and in 3 cases of the 6 cases, in which the artery passes through the lateral wall of the auditory tube, respectively.
In 5 out of the 120 cases mentioned above, in which the middle meningeal artery passes through the oval foramen, the rami are two in number.
The ramus is larger in diameter than the parent artery in 77 cases (Figs. 7 and 12), but smaller in 35 cases ( Fig. 13 ) and nearly as large as in 8 cases (Fig. 3) . Of all these cases, the ramus is larger in diameter than the parent artery in 8 cases in which the parent artery passes through the foramen rotundum ( Fig. 8 ), smaller than that in 6 cases in which the parent artery passes through the foramen spinosum or the lateral wall of the auditory tube.
Of the course, the ramus runs anteriorly along lateral to the maxillary nerve, then inferomedial to the ophthalmic nerve, and finally anastomoses with the anastomotic artery.
The vessel usually takes a meandering course with some loops and branchings, or rarely making an arterial rete (Figs. 8 and 22 ).
In two of the 115 cases in which the ramus is one in number (in one case the artery passes through the oval foramen, Fig. 23 , and in the other case through the foramen spinosum, Fig. 17 0.49 and 024 mm, respectively, in diameter) arising from the superior wall of the maxillary artery right beneath the foramen rotundum runs through it in company with the anteriorly lying maxillary nerve and anastomoses with the r. anastomoticus in the cranial cavity.
In three cases, in which the parent artery passes through the lateral wall of the auditory tube, and in other two cases in which the parent artery passes through the foramen spinosum (Fig. 6 ), a twig (0.12-0.48, M. 0.38 mm) arising from the superior wall of the maxillary artery at the anterior margin of the oval foramen runs through it and anastomoses with the r. anastomoticus in the cranial cavity. 2) Noncommunication between the anastomotic artery and the middle meningeal artery a) An anastomosis between the r. anastomoticus arising from the maxillary artery and the anastomotic artery In 4 out of all 130 cases observed, the r. anastomoticus directly arises from the maxillary artery and anastomoses with the anastomotic artery.
In one of the 4 cases, in which the middle meningeal artery passes through the oval foramen, the ramus (about 0.36 mm) arises directly from the superior wall of the maxillary artery right beneath the foramen rotundum and passes through the foramen in company with the anteriorly lying maxillary nerve into the cranial cavity , where the ramus immediately bends anteriorly for anastomosing with the anastomotic artery inferomedial to the ophthalmic nerve after crossing over lateral to the maxillary nerve (Figs. 18 and 24) . In other 2 cases, in which the middle meningeal artery passes through the foramen spinosum, and in the remained one case, in which the artery passes through the wall of the auditory tube, the ramus (about 0.46, 0.81 and 0.19 mm) also arises directly from the superior wall of the maxillary artery right beneath the anterior margin of the oval foramen and passes through it in company with the posteriorly lying mandibular never into the cranial cavity, where the ramus anastomoses with the anastomotic artery.
b) Defect of the r. anastomoticus In 4 out of the 130 cases, in which the middle meningeal artery passes through the wall of the auditory tube in 2 cases (Fig. 14) , through the foramen spinosum in one case (Fig. 9 ) and through the oval foramen in one case (Figs. 12 and 25) , the r. anastomoticus is not observed.
But a small branch (0.12-0.36, M. 0.29 mm) supplying the trigeminal ganglion is seen just on the course where the usual anastomoticus would be supposed to be (Fig. 19) . In one case of the 2 cases, the middle meningeal artery passing through the wall of the auditory tube gives a branch (about 0.24 mm) to the ganglion, which leaves the cranial cavity through the oval foramen and anastomoses with the medial pterygoid muscular branch extracranially (Fig. 14) . c) Defect of the anastomotic artery In one out of the 130 cases, the anastomotic artery is not observed (Figs. 20 and 26) . The r. anastomoticus (about 0.91 mm) arises from the middle meningeal artery passing through the oval foramen and runs along lateral to the mandibular, the maxillary and the ophthalmic nerves into the orbita, and finally gives twigs to the orbital contents. When the ramus passes by lateral to the ophthalmic nerve, it communicates (about 0.22 mm) with the external ophthalmic artery through the orbital fissure.
d) Defect of the r. anastomoticus through the middle meningeal artery arises from the anastomotic artery An artery arises from the anastomoticus artery, and first runs posteriorly following the usual course of the r. anastomoticus, then takes a place as the middle meningeal artery (Figs. 15 and 21 ).
Discussion
So far there have been few studies on the general aspect of the origin of the middle meningeal artery and the relationship between this artery and the r. anastomoticus.
Ellenberger et al. (1891) and Bradley (1927) stated in the dog that the middle meningeal artery arose from the maxillary artery just proximal to the entrance into the alar canal. Miller (1964) described the artery having about 1 mm in diameter arose from the superior wall of the maxillary at the same height mentioned above. These scholars made the description that the vessel entered through the notch or small foramen presented on the anterior wall of the oval foramen into the cranial cavity.
In the present paper the middle meningeal artery passed through the oval foramen along with the anterior wall of it in 76% of all the 130 cases observed along with its lateral or posterior wall in 6% ; through the foramen rotundum in 6% ; through the foramen spinosum (located at posterolateral to the oval foramen) descriced by Okuda et al. (1974) in 6% and through the lateral wall of the auditory tube in 5%. By the way the middle meningeal artery which arose from the anastomotic artery was seen only in one case.
The usual passage of the middle meningeal artery was the oval foramen.
But, when the origin of the artery inclined toward the distal side, the vessel might pass through the foramen rotundum, and when inclined toward the proximal side, it might pass through the foramen spinosum by Okuda et al. or the wall of the auditory tube. However, it was an important feature whether the artery passed through the oval foramen or other foramina into the cranial cavity, the vessel used to start from the groove at the point of the anterior surface of the pars petrosa.
As to the r. anastomoticus, Ellenberger et al. stated in the dog that the middle meningeal artery immediately after entering the cranial cavity gave off a branch, which anastomosed with the ophthalmic artery extracranially, also an additional small twig anastomosed with the internal carotid.
Miller stated that the middle meningeal artery gave off the r. anastomoticus in the cranial cavity, about equal in size to the parent artery which passed medially and anastomosed with the anastomotic artery of the external ophthalmic artery making two to four loops. Sisson et al. (1953) also described that a branch of the middle meningeal anastomosed with the carotid plexus.
The communications between the middle meningeal artery and the anastomotic artery by the r. anastomoticus and between the maxillary artery and the internal carotid artery by these arteries were actually considerably complicated and full of the variety. As described in the present paper, a complete communication between the middle meningeal artery and the anastomotic artery was seen in the most cases, but noncommunication was in only about 8%. In cases of the communication being observable, the anastomoticus was usually one in number, occasionally two.
When the middle meningeal passed through the foramen spinosum or ovale in two cases, a small branch arising from the maxillary artery separately passed through the foramen rotundum and reinforced. the r. anastomoticus in connection with it. When the middle meningeal passed through the lateral wall of the auditory tube in three cases and through the foramen spinosum in two cases, such a branch passed through the oval foramen and also reinforced the r. anastomoticus in the same way. These appearances might show that the communication between the maxillary and the internal carotid arteries was made itself stronger by double anastomotici.
The present author observed such a strong communication between the maxillary and the internal carotid arteries in addition to the anastomotic artery in four cases, although the small branch as mentioned above connected with the anastomotic artery but did not with the middle meningeal.
Furthermore, in other four cases the maxillary and the internal carotid arteries were communicated only with the anastomotic artery. Accordingly, the middle meningeal artery was entirely free from the communication between the internal and the external carotid circulations as seen usually in the human subject.
Judging from the various features of the r. anastomoticus of the dog, the raraus would actively participate in this communication. The author would like to make a consideration on the variation that the middle meningeal artery arising from the anastomotic artery passed along with the course of the ordinary r. anastomoticus. Jewell (1952) , in his work of the circulation between the internal and the external cranial basis of the dog, described the communicating features between the extra-and intracranial vessels.
He made the illustrations in which six features were shown on the anastomotic artery, and reported the middle meningeal arising from the anastomotic artery as observed in this paper. While, in case of lacking the anastomotic artery, the r. anastomoticus finally spread in the orbit. Accordingly, it might be contributed to a connecting channel which anastomosed between the internal carotid and the maxillary arteries. In this abnormal case, a small twig followed the original course of the middle meningeal artery and was distributed to the trigeminal ganglion in the shape of a plexus. So, the blood stream came from the anastomotic artery through the r. anastomoticus reversely. In conclusion, if the relationship between the r. anastomoticus and the anastomotic artery produced more complicate it will become a type of the internal and the external retia of the cat.
Conclusions
1. The present study has made on the origin of the middle meningeal artery, its passage into the cranial cavity and the relationship between the r. anastomoticus and the anastomotic artery in 65 adult dogs, by means of the acryl plastic injection method.
2. The middle meningeal artery arising from the superior wall of the alar curve of the maxillary artery passed through the oval foramen in 107 cases ; the foramen rotundum in 8 cases ; the foramen spinosum in 8 cases or the wall of the auditory tube in 6 cases, into the cranial cavity.
In one case, the artery arose from the anastomotic artery and followed reversely the ordinary course of the middle meningeal artery via the r. anastomoticus.
3. The middle meningeal artery gave off the r. anastomoticus, one or two in number, observed in 120 cases. Twigs of the ramus were distributed to the trigeminal ganglion and the dura mater corresponding to the piriform area of the cerebral hemisphere.
4. The r. anastomoticus communicated with the anastomotic artery of the maxillary artery.
This communication appeared various features ranging from a simple anastomosis to an extremely complicated rete.
In 120 cases, the r. anastomoticus communicated between the middle meningeal artery and the anastomotic artery.
In seven of these cases, a small twig arising from the maxillary artery right beneath the foramen ovale or rotundum, entered the cranial cavity through the respective foramen, and supplemented this communication Fig. 1 . The lateral view of the right side after removal of a hatched area as shown in the inset of Plate II. The general view of the middle meningeal artery and its ramification on the dura mater. The artery reaches the parietal bone at the area corresponding to the inferior end (0) of the ectolateral sulcus of the cerebral hemisphere. ca. x 2. O. Fig. 2 . Schematic illustration (the superolateral view of the right side) of the typical feature of the middle meningeal artery relating to its surrounding structures. The maxillary artery beneath the oval foramen curves around the mandibular nerve from its posterior side to its medial toward the posterior alar foramen. This curvature is named the alar curve. ca. x 3. O. Fig. 3 . The superolateral view of the internal cranial basis of the right side. The middle meningeal artery gives rise to the r. anastomoticus. Twigs (0) diverge from the ramus and supply the trigeminal ganglion, and also some meningeal branches (00) to the dura mater corresponding to the piriform area of the cerebral hemisphere. ca. In Fig. 9 , the vessel arises from the superior wall of the maxillary artery proximal to the origin of the medial pterygoid branch, and gives off a twig (0) to the m. tensor tympani before entering the foramen spinosum. ca. In Figs. 12, 13, 16 and 17, the r. anastomoticus communicates between the anastomotic artery and the middle meningeal artery. In Figs. 18-21 , the r. anastomoticus does not communicate between the anastomotic artery and the middle meningeal artery. Fig. 12 . The r. anastomoticus is larger in diameter than the middle meningeal artery.
ca. x 3. 0. Fig. 13 . The r. anastomoticus is smaller in diameter than the middle meningeal artery. ca. x3.0. Figs. 16 and 22 . Two of the r. anastomoticus arise from the middle meningeal artery, and form a complicated arterial rete (0) in Fig. 22 . ca. x 3. 0, x 4.8. Figs. 17 and 23 . A twig arising from the maxillary artery passes through the foramen ovale or rotundum, and anastomoses with the r. anastomoticus. In Fig. 23 , the twig (0) passes through the foramen rotundum posterior to the maxillary nerve and reinforces the r. anastomoticus.
ca. x3.0, x 3. 5. Figs. 18 and 24 . The r. anastomoticus does not arise from the middle meningeal artery, but dircctly from the maxillary artery and passes through the foramen ovale or rotundum, then anastomoses with the anastomotic artery. In Fig. 24 , a twig arising from the maxillary artery passes through the foramen rotundum posterior to the maxillary nerve and anastomoses with the anastomotic artery (0) . ca. x3.0, x4.5. Figs. 19 and 25 . The middle meningeal artery passes through the oval foramen lateral to the mandibular nerve and gives off a small twig which supplies the trigeminal ganglion instead of the r. anastomoticus. Also the anastomotic artery gives off a small twig which supplies the ganglion.
ca. x3.0, x3.0. Figs. 20 and 26 . The middle meningeal artery passes through the oval foramen and gives off anteriorly the r. anastomoticus, but the anastomotic artery is not observed.
The ramus is distributed to the orbital contents passing through the orbital fissure and a branch of the ramus comes out of the orbit through the fissure and anastomoses with the maxillary artery. ca. x 3.0, x 2.5. Fig. 21 . The middle meningeal artery arises from the anastomotic artery. ca. x3.0. Also see Fig. 15 .
